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This is a descr ip t ion  of a process and of the development 
of the  process and of a machine f o r  the recovery of uranium 
from acid s l u r r i e s  without accomplishing a l iquid-eolid 
separation. Metallurgical r e s u l t s  obtained from testilig - 
two ores from the White Canyon Area of U t a h  with t h i s  pro- . 
cess  are  given, The two ores  t e s t ed  were,, White Canyon 
Copper Uranium ore and ore  from the Happy Jack Mine. 
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I INTRODIJUTON 

..' Soon a f t e r  the adsorption of uranium by anion exchange r e s ins  was d i s -  
covered, it was recognized t h a t  the d i r e c t  adsorption of uranium from.ore 
pulps was mechanically and metal lurgical ly  possible.  Successful develop- . 
ment of resin-in-pulp treatment would eliminate thickening or f i l t r a t i o n .  
Early bench sca le  t e s t s  by the Massachusetts I n s t i t u t e  of Technology under 
Professor A,, M, G a u d i d  and l a t e r  work by the American Cyanamid Company,.?/ 
indicated t h a t  adsorption was no d i f f e r e n t  i n  ore pulps than i n  c l e a r  
solut ions.  
operation o r  by continuous flow of e l u t r i a n t  through beads under mild agi- 
t a t i o n  demonstrated t h a t  the process was chemically sound. 

' 

The discovery t h a t  e l u t i o n  could be e f fec ted  by e i t h e r  batch 

\ 
#' 

' I n  view of these promising development, a p i l o t  p lan t  was b u i l t  i n  a small 
building outs ide of the Watertown Laboratory of t h e  American Cyanamid Com- 
pany i n  e a r l y  1952. R e s u l t s  of t e s t  runs on ores  from South Africa and 
t he  Colorado Plateau were most enc0uraging.g It was demonstrated t h a t  
uranium could be e f f e c t i v e l y  removed from an acid ore pulp during i ts  
passage through a s e r i e s  of machines i n  which exchange r e s i n  was retained 
by screens i n  moving baskets. Because of space l imi t a t ions  and the  re- 
su l t an t  d i f f i c u l t y  i n  leaching s u f f i c i e n t  ore t o - t e s t  the process thoroughly, 
it was decided t h a t  a much l a r g e r  p l an t  should be b u i l t  somewhere close t o  
a source of ore.  

On Ju ly  18, 1952, i n  a conference i n  Washington, D. C., I.&. D. M. Kentro 
of the American Cyanamid Company proposed t o  Mr. J. C. Johnson, Director 
of the Raw Materials Division, U. S .  Atomic Energy Commission, and Dr. 
George Go Marvin, Assis tant  Director f o r  Process Development, t h a t  a five 
ton per  day p i l o t  p l an t  be b u i l t  on the  A,E;C. compound i n  Grand Junction, 
Colorado. This proposal was approved and the necessary funds provided f o r  
construction of t h e  plant .  

Construction was s t a r t e d  on November 1, 1952. 
on January 19, 1953 and equipment was i n s t a l l e d  immediately thereafter. 
Resin-in-pulp equipment consisted e s s e n t i a l l y  of s i x  units or  ttbank6n each 
containing four s t a i n l e s s  s t e e l  screen tlbasketsll measuring l7It x 17" x 17". 
This equipment i s  described i n  d e t a i l  i n  sec t ion  IV.  
s t a r t ed  on March 15, and by May 15, 1953, the  process was operation s a t i s -  
f a c t o r i l y  from a metallurgical standpoint,  

The bui lding w a 8  completed 

The p i l o t  p l an t  

IJ 
2/ ACCO-3, 4, 6 ,  26, L 33 

MITG - 257 - IO1 

2/ L - 1 s  
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From June 1, 1953, to September 1, 1953, 226.79 tons of copper uranium ore 
and 184.41 tons of Happy Jack ore,both from the White Canyon Area of Utah, 
were tested. 
Wntice l lo  m i l l  prior t o  shipping by truck t o  Grand Junction for  treatment 
i n  the P i lo t  Plant. 

These ores were dried and crushed to  minus 10 mesh a t  the 
' 

Rohm and Haas XE-123 plus 20 mesh r e s i n  71188 used. 
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The purpose of the Pilot Plant wa8 to determine the commercial feasibility 
of the resin-in-pulp process, mechanically and metallurgically, as applied 
to uranium  ore^. 
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From s i x  t o  1 2  tons of ore  per  day were t r ea t ed  without d i f f i cu l ty .  De- 
sanding p r io r  t o  resin-in-pulp was necessary f o r  good mechanical operation. 
After the shakedown period, 99 per cent of the diesolved uranium was re- 
covered from the pu lp  t rea ted  by the adsorption uni t s .  Overall p i l o t  
plant recoveries, based cjn head and t a i l  assays and weight of feed, were 
about 83 per cent and 93 per cent respectively,  for samples of copper 
uranium ores  from Monticello s tockpi le  19 and from t h e  Happy Jack Mine. 

Mechanical and a t t r i t i o n  losses  of r e s i n  varied considerably as measured 
over two operation periods. From May 5 ,  1953# t o  July 1, 1953, r e s i n  l o s s  
amounted t o  0.008 cubic f e e t  per ton  of ore t rea ted  o r  0.003 cubic feet  
per pound of uranium recovered. A l a t e r  check for  the  period from July I.,, 
1953, t o  August 9) 1953, rjhowed t h a t  r e s i n  loss  had dropped t o  0.002 cubic 
f e e t  per t on  t rea ted  o r  O.OOO4 cubic f e e t  per  pound of uranium produced. 

The e l u t r i a n t  was 0,9 n o m a l  NHbNO3 so lu t ion  ac id i f ied  t o  a pH of one with 
su l fu r i c  acid. The e lua te  was neutral ized and yellow cake prec ip i ta ted  
with anhydrous ammonia. Consumption of e lu t ing  and p rec ip i t a t ion  reagents 
varied widely 0nd waa subs t an t i a l ly  above t h a t  expected i n  n o m a l  opera- 
t ion,  The t e s t  work necessi ta ted frequent e l u t i o n  of p a r t i a l l y  loaded 
banks,, and the subsequent p rec ip i t a t ion  of large volumes of low grade 
solut ions consumed la rge  quan t i t i e s  of NH3. Loadings varied from a low 
of 1.5 pounds per cubic foot  t o  a high of 3.7 pounds pe r  cubia foot  of 
wet set t led resin,  w i t h  an average of the order of 2.5 pounds per  cubic 
foot  0 

Consumption of e lu t ing  and p rec ip i t a t ion  reagents f o r  the month of Auguet 
1953 waa a8 followa: 

sonsumption of Elution and m c i D i t a t i o n  Reagents 

Lbs/Lb of U a  Reagent Lbe/Ton of Ore 
iM3 8.8 1 . 8  
MIS NO3 18.3 3.83 

----------- ------ 

H2S04 29 98 5.35 

Average consumption of leaching reagents is presented i n  Table If on the 
following page. No claim i s  made t h a t  these f igu res  are optimum. Quanti- 
t i es  w e d  were batied on pli meaburernents of leach so lu t ions  and information 
gained from bench sca le  t e s t s  p r i o r  t o  the  p i l o t  p lan t  runs. 
were conducted t o  determine optimum leaching conditions. 

No experiments 

. .  

. .  
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MnO;hLbs/Ton -- --I 
H SO Lbs/Ton -2,,4 --I--- Ores 

Stockpile 19 14 5 11.0 
Happy Jack 115 18.4 

Maintenance cos ts  on the adsorpt ion units from March 1 5  t o  August 319 1953, 
were approximately $25,00, 

---- 

Average grade of p r e c i p i t a t e  was only 40.3 per  cent  I7308 bu t  the f ina l  pro- 
duct was ne i the r  washed nor calcined during the t e s t  period. 
t e s t s  and subsequent p i l o t  p l an t  work has ind ica ted  t h a t  washing and cal-  
cining w i l l .  b r ing  the  grade t o  about 70 per  cent  U308. 
are, for the  most pa r t ,  Iron, caused by incomplete. loadfng, soluble  salts 
from l iquors  re ta ined i n  yellow cake, and ac id  insoluble  material. 

The p i l o t  p l an t  work on the White Canyon ores  has  demonstrated t h a t  the  
resin-in-pulp procebs l a  e n t i r e l y  feas lb le ,  even thou@ proper equipment 
for producing hlgh grade product a t  lowest c o s t  was not avai lable .  
clude t h a t  the process should d e f i n i t e l y  be considered where s e t t l i n g  pro- 
blems a r e  an t ic ipa ted  and i t  may, with f u r t h e r  development, be competitive 
with CCD and columns where both methode are  applicable.  

Laboratory 

The contaminant 

d 

We con- 
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8,~n_vq~trg~t lonof^EI,Oe-O~~d_~t ,hs9a  
I n  the ea r ly  res in- in-pulp  inves t iga t ions  at  the laboratory,  then loca ted  
a t  Watertown, Mass., many suggestion3 and proposals were advanced involving 
various gadgets and machines all of which could b e ' c l a s s i f i e d  in to  one or 
the other of two bablc procedures as follows: . 

-.  

1. A system in which the r e s i n  a c t u a l l y  moves countercurrent ' to  the 
flow of pulp i n  the loading cycle s n d  countercurrent t o  the  flow of 
eluant I n  the e l u t i n g  cyc le .  

2, A modlfled countercurreritsystem i n  arhich the r e s i n  i s  confined t o  
containers o r  u n i t s  through which the pulp or  e luan t  flows, the  counter- 
current e f f e c t  being produced by i n t e r m i t t e n t l y  advancing each unft i n  
its respect ive c l r c u i t .  

The procedure typical  of (1) above, under considerat ion a t  t ha t  time, was ex- 
emplified by a syatem of trammels and a g i t a t o r s  f n  which the  bead? were ad- 
vanced from tank t o  tank by e leva t ing  with l i f t e r  bars.  This sysltem had the  
apparent advantage of posi t l v e  countercurrent ef f e c t s 9  low c a p i t a l  cost, end 
ease of operation, 
screening capacl ty.  

The baeket machineb I n s t a l l e d  I n  t h e  p i l o t  p l an t  were adaptable t o  the  modf- 
f l e d  countercurrent system,  2 h i s  fiyrjtem evolved from e a r l y  bench sca l e  tests 
i n  which " t ea  bags" or small  ~ t a i n l e ~ a  s t e e l  basbetti were used t o  contain the 
realns.  Flgure l v  on pages  11 an3 32, I 6  a flowfiheet Bhowing the aystem a s  
used I n  the p i l o t  p l an t .  

T t 6  possible  disadvantages were high r e s i n  l o s s  and low 

BP _GonsiPuctlon 
Each basket wae made up of a hard maple framework r i g i d l y  supported and,held 
together by tongue arid groove jo in t a ,  
with t h e  remaining f i v e  s ides  Enclosed alth Ludlow Saylor #281 Rek-Tang Screen 
bolted t o  the  f7mewGrh with l / L , I l  x 2 1/4" machine bo l t s .  
rstalnlezs s t e e l  l~ihilt the 5:reen was woven with Carpenter 20. 

I4 If Two baskets were a l t e r n a t e l y  r a i sed  and lowered 16 tfmes per minute through a c four Inch  fitrobe by mC-dn3 of an eccen t r i s  actuated by a one-fourth horsepower 

! and oa6ket appears i n  the sketch i n  Figure 2) page 12. S ix  units o r  Itbankstt 
i 

$ 

The top of the  basket wag left open 

The b o l t s  were 

* gearmotor w i t h  cha in  aftd tprOCbet dr ive ,  A cross sec t ion  of t h i s  mechanism 

+ divided i n t o  f o u r  t 8 c e l l s 1 '  to  accomodate  . f o u r  baskets. A t  the diecharge end 
were constructed O C  redwood with tongue and groove j o i n t s .  Each bank was 

of each bank, a becond p e r t i  t lon  wa5 i n s t a l l e d  t o  permit overflow i n t o  an 
a i r l l f t .  
l e t  was opened the a i r l i f t  would e l eva te  a l l  of the pulp from the  machine. 
T h i s  i n l e t  was opened t o  d r a i n  the machine between exhaustion and elution 
cycles.  I'hlB arrangement i s  p l c t o r i a l l y  sketched i n  Figures 3 and 4 on pages 
I 4  and 15, respec t ive ly ,  ?he & a t i s f a c t o r y  manner i n  which the  a i r l i f t s  func- 
tioned had much to do w1 t h  t h e  tiiiccessful operat ion of the  un i t s .  The d i s -  
charge of the a l r l l f t  can Le d i rec ted  e i t h e r  t o  p rec ip i t a t ion ,  the next 
succeeding bank, or t o  t a i l i n g s ,  All of the component p a r t s  of  the  adsorption 
units were ft ibrfcated loca l ly ,  

Another i n l e t  wa9 a l so  provided in s ide  of the machine; when t h i s  in -  1 

I 
I 
t 
I! 

.. . 

, .  
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8 C C T l O N  THROUBH BASKET 
Shoving rrponsion ond compociion o f  brods in odsorplion uni?r ... 

\ _.. I 
I 

TOP OF S T R O K E  

c 

BOTTOM OF STROKE 

Figure 2 Sect ion  ThrouFh Basket 
(Showing Expansion and bornpaction of Beads in Adsorption Unit8) 
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All ore tested i n  the p i l o t  plant was crushed t o  minus 10 mesh a t  the Monti- 
cello m i l l  and hauled by truck to Grand Junction as needed. 

A typical screen analysis of a crushed sample of copper uranium ore from 
stockpile 19 i s  shown i n  Table 111, below. 

u Table TIL 

---- Screen b a l y s i s  Monticello Crusher Ppoduct 
Tyler 

--- Mesh Lwei&!& Sum, % Weifzht 
+ 10 7.83 7.83 

-10+20 19 e 11 .. 26 . 94 I 

-20+28 10.18 37.12 
-28+35. 14.06 51.18 
-35+48 16.97 68.15 
-48+65 7.66 75.81 
-6 5 + 100 6.80 82.61 

-loo+ 1 5  0 5.50 88 e 11 
-1 50+ 200 3.66 91 77 
-200 8,?2 100 . 00 

Total 100.00 

Crindjnq 

The crushed ore, on a r r iva l  i n  Grand Junction, was weighed and then humped 
into a 28-ton ore bin. From the m i l l  bin the ore was fed a t  a r a t e  of 500 
to  600 pounds per hour t o  a 2411 x 18" Marcy b a l l  mill i n  closed c i r c u i t  
with a 14 inch D o n  c la s s i f i e r .  
a range from 50 t o  60 per cent solids.  
of the c l a s s i f i e r  overflow on a sample of copper uranium ore appears i n  
Table IV,  below . 

The c l a s s i f i e r  overflow was regulated i n  
A representative screen analysis 

Table I V  

------- Screen Analysis -- Slas s i f i e r  ---------- O'flow 50 t o  5 5  Per-Cent Solids 
-e--- 

Tyler 
Mesh 

+20 
-20+28 
-28+35 
-35+48 
-4&t 65 
-65,100 
-100+150 
-150+ 200 
-200 

TOTAL 

% Weight 

Trace 
0.93 
3 .94  

11.28 
25 16 
3.42 

11 18 
5 -93 - 16 -1,- 16 

100 0 00 

----- 

, ? . . . -  . ~ , . .'. 
. *  ;. I 

0.93 
4.87 

16.15 
41.31 
46.73 
57 0 91 
63 .84 
100 0 00 

z U 3 0 8  

0.18 
0.14 
0..12 
Oe14 
0.11 
0.13 
0.15 
0.27 
0.168 
-- 

0.18 
0.15 
0.13 
0.14 
0.14 
0.14 
0.14 
0.17 

. .  
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Class i f ie r  overflow was e leva ted  by a one inch Wilf ley pump t o  three ,  f o u r  
by four foot  Devereaux Type a g i t a t o r s  which served a leaching tanks. Con- 
t a c t  time when feeding 500 pounds per  hour a t  50 per  cent  s o l i d s  was, 
theoret ical ly ,  10 hour s .  Acid add i t ion  was made t o  the  No. 1 a g i t a t o r  , 

and was control led by maintaining the  pH i n  No. 3 a g i t a t o r  a t  approxlmately 
1.0. 

Average acid consumptlon by o re  from Stockpi le  19 was 145'pounds p e r  t o n  
of ore. 
ton, 
p i l e  19 ores  while 18.4 pounds of Mn02 per  ton of ore was used when treat- 
ing mater ia l  from the Happy Jack Mine. No attempt was made t o  determine 
whether o r  not  these reagent  q u a n t i t i e s  were optimum. 
governed somewhat by bench s c a l e  t e s t s  conducted i n  the  Winchester Laboratory. 

-111---------- D, Sand-Slime SeEaration ------- 
In  the e a r l y  t e s t  work a t  Watertown it was apparent t h a t  a desanded pulp 
could be handled much e a s i e r  I n  almost any device designed f o r  R.I.P. pro- 
cesses. A s h o r t  t e s t  run i n  the p i l o t  p l a n t  without a sand-slime separa- 
t i o n  p r i o r  t o  t reatment  i n  the adsorpt ion units confirmed t h i s  early con- 
c lusion,  Sand co l l ec t ed  i n  the baskets  t o  such an ex ten t  t h a t  s a t i s f a c t o r y  
operat ion was Impossible. Thereaf te r ,  a l l  pulp fed t o  the  adsorpt ion units 
wae deaanded i n  two 30" h y d r o c l a s s i f i e r s  and one small  drag c l a s s i f i e r .  
Wash water and overflows moved countercur ren t ly  with r e spec t  t o  the sands 
which reduced so luble  uranium l o s s e s  t o  about 2;5 per  cent  of that i n  t h e  
leach I lquor 

Happy Jack acid consumption was of t h e  o rde r  of 115 pounds pe r  
Tn addi t ion,  11.0 pounds of bo;! per ton  of feed was used on Stock- 

The addi t ions  were 

Adsorption of' uranium from the  d i l u t e d  and desanded pulp was e f f ec t ed  i n  
a s e r i e s  of machlnes, each of which had four  baskets  17" x 17" x 17" 
f i l l e d  with .Q,ec cubic f e e t  of wet s e t t l e d  r e s i n .  
and down I n  the  pulp-16-t imes a minute. 
t r o l l e d  by p e r i o d i c a l l y  assaying the so luble  uranium i n  t h e  pulp as it 
flowed from the l a s t  machine t o  t a i l s .  When the  uranium i n  the l i q u o r  
reached a c e r t a i n  l e v e l ,  u sua l ly  two pe r  cent  of tha t  i n  the feed, the 
f i r s t  bank on the  loading cycle  was taken out  and a f r e s h l y  e l u t e d  bank 
was added t o  the c l r c u l  t. 

, 

Each baske t  moved up 
Operation of the  units was con- 

As each loaded bank was taken o f f  t h e  adsorpt ion c i r c u i t ,  the pulp waa 
drained and t h e  machine washed with a water spray t o  remove residual s o l i d  
materral .  
of e l u t i n g  ao lu t ion .  The first  batch was advanced and s e n t  t o  the pre- 
c i p i t a t i o n  tanks and each succeeding batch .went t o  the machine then advanced 
t o  t h e  next  e l u a n t  tank, These batches i n  turn were advanced on t h e  succeed- 
ing cycles ,  

EllitJon wa3 then e t f e c t e d  by advancjng s i x  200 ga l lon  batches 
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Eluate from the first pass was dumped i n t o  a f i v e  by f i v e  f o o t  stainless 
s t e e l  mixing tank and ncut ra l lzed  with anhydrous ammonia t o  p r e c i p i t a t e  
the uranium. The s l u r r y  was pumped through a 12 p l a t e  24" x 24" Shr ive r  
Press 

F i l t r a t e  from the p re s s  flowed by g r a v i t y  t o  a s torage  tank from which 
point it was pumped a s  needed t o  a mixing tank where suff icr ient  ammonium 
n i t r a t e  was added t o  br ing the  n i t r a t e  s t r eng th  back t o  0,9 normal. 
f u r i c  acid was then added untll t he  s o l u t i o n  had a pH of 1.0. 
generated so lu t ion  was then  pumped a s  needed t o  t h e  first (Barren) elut- . 
fng so lu t ion  tank,  

Sul- 
This re- 

_. 

... .- .... 

.. . 
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On completion of the m i l l  I n  l a t e  March 1953, a t e s t  run  was started using 
Temple Mountal n ore  a f t e r  firtit having run barren ben ton i t i c  ma te r i a l  
which berved t o  demonstrate mechanical weakness without s a c r i f i c i n g  
uranium, In the  t r l a l  run on barren ma te r i a l  no ac id  was used t o  simu- 
l a t e  leaching. Following a s iege  of leaky tanks, Temple Mountain o re  
ua8 then leached and piirrrped d l r e c t l y  t o  the u n j t s  without a sand-slime 
separation prior t o  t r e a t n e n t  i n  the adsorpt ion units, 

Within a week it  was apparent t h a t  operat ion without first removing t h e  
coarse sands was impractical. The baske ts  plugged repea ted ly  and opera- 
t i on  i n  general  was completely unsa t i s fac tory .  Thereaf ter ,  a sand-slime 
aeparation was made with only the  minus 150 mesh mate r i a l  going t o  t h e  
adsorption u n i t s  and opera t ion  from then on was mechanically t roub le  free, 

Metal lurgical ly  the  r e m l t s ,  durlng the  f i r s t  t h ree  weekso were disappoint-  
ing. 
cent where 99' per cent  was expected. As time went on, recovery s t e a d i l y  
dropped u n t i l  i t  became obv ious  t h a t  e i t h e r  the  r e s i n  beads were poisoned 
or Temple Mountain o re s  were not amenable t o  ion-exchange processes ,  Un- 
fortunately,  no bench s c a l e  column t e s t s  had been run on t h e  o re  p r i o r  t o  
treatment in the p lan t .  

. 
Recovery of uranium from leach l i q u o r s  was of the  o rde r  of 96 per  

Test work on Temple Mountain ore  was discontinued and a run was s t a r t e d  
on mater la l  from Stockpi le  19, a copper uranium ore from the White Canyon 
d i e t r i c t ,  Meta l lurg ica l ly  the performance of the  units continued d is -  
couraging w i t h  t a i l s  s t e a d i l y  r i s i n g .  The beads were then e l u t e d  with a 
one normal ao lu t ion  of lit103 without any appreciable  'benefit. 
a3 t a i l i n g  l o s s e s  became g rea t e r ,  t he  r e s i n  was t r e a t e d  with a f o u r  normal 
HNq so lu t ion ,  
r e s i n  for the  adsorpt ion of dissolved uranium immediately became 99 per 
cent o r  g rea t e r .  

Ultimately, .. 
Thls apparent ly  e lu t ed  the de le te r iou6  material from the . 

> '  
Later  Inves t iga t ion  f a i l e d  t o  d i sc lose  the  cause of the  apparent resin 
poi sonl ng 

E L L  Teaching ..e---- & Adsorption -- - Stoch-&le --^- lq-;CopperUrpnium Ore from White 
G a n Y o n s Q f _ U t G  

After the  e a r l y  me ta l lu rg ica l  d i f f i c u l t i e s  were overcome, adsorpt ion from 
the leach l i q u o r s  wag s a t i s f a c t o r y ,  when t r e a t i n g  o r e  from Stockpi le  19. 
Leaching I n  the p l an t  ccjnflrmed bench s c a l e  t e s t a .  No t rouble  r a e  ex- 
perienced i n  runnlng a t  t he  r a t e  of s i x  t o n s  pe r  day-and runs up to. 1000 
pounds per  hour were t r l e d  w i t h  l i t t l e  change j n  me ta l lu rg ica l  results. 
The a b i l i t y  to r u n  with h l g h  f e e d  r a t e s ,  however, must be a t t r i b u t e d  t o  
the r e l a t i v e l y  iow grade feed which averaged only 0.155 p e r  cent U308, 
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From June 1 through Ju ly  18, 1953, 226.79 tons  of ore were t r e a t e d  i n  the 
plant with metal lurgical  r e s u l t s  a s  ou t l ined  i n  Table V. 

Tons Content $ 
Lbs U30& Tota l  - - Treated p-_V208 

---w- 

Feed 226 "79 
Residue 215 " 4 5  
Leach Liquor 
Soluble Loss Class S h d s  
Addorption Unl t Feed (Hydro- 

Yellow Cake (By Difference ) 
Adsorption U n i t  Ta l l6  (Solutions 

Class 00 flow ) 

only 1 

.155 703 05 
0 022 94.80 

608 25 
17 96 

,50 g/L 590.29 
584.45 

.005 g/L 5 3 4  
8 

loo 0 00 
13 048 
86.52 

2.56 

83 0% 

83.13 

0.83 

Adsorption unit recovery = 99.00% 
Overall p l an t  recovery = 83,135~ 

it Does not, take I n t o  account tank and pimp leakage or l o s s e s  i n  water r a shes  
which would be recycled I n  comerc ia1  operat ion,  

Operating condi t ions - Feed r a t e  500 - 1000 lbs/hr. 
A c l  d con~un~p  t 1 on 1 4 5  lbs/ ton 
Oxidant - M O L  - 11-0 lbfi/ton 

During the t e s t  run on Stockpi le  19, two methods of loading and e l u t l n g  
were t r i e d ,  When the fee3  r a t e  wae s e t  a t  500 pounds pe r  hour it was possi- 
ble  t o  run with f i v e  banks on exhaustion and one on e lu t ion .  This per- 
mitted a changeover every six t o  e i g h t  houre. 
"breab through1' would occur before the e l u t i o n  cycle  was complete, therefore ,  
it was necebsary t o  l o a d  on fou r  banks and e l u t e  two banks a t  one time. 
Elut ion was performPd by pumplng through four batches of 350 gallona of 
e luant  which had been advanced through preceding e l u t i o n  cycles .  Only one 
batch of 350 gallonfi ua5 prec lp l t a t ed  each cycle which gave a volume ra t io  
of f i n a l  e l u a t e  to  wet 6ktt led r c s l n  of 8u1:1e 

With higher  feed rates 

On July 21, 1953, a run  waa s t a r t e d  on ore from t h e  Happy Jack mine. 
material wae higher grade  than t h a t  from Stockpi le  19. Therefore, feed 
ra t ee  var ied  from 500 t o  a maxlrnum of 750 pounds per  hour. 
t r a c t i o n  wa8 above 96..8 per c e n t  and recover ies  from t h e  r e s u l t a n t  leach  
l iquor& were very h i g h ,  
foot and averaged approxlmately 2.75 pound8 pe r  cubic foot .  

This 

In  general ,  ex- 

Loading& reached a maximum of 3.7 pounds per cubic 
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Generally speaking, Happy Jack ore  was very amenable t o  the process both 
mechani ca l l  y and met a1 1 ur g i c a l  1 y I 

Prom July 21, 1953 t o  August 31, 1953,.184.81 tons were t r e a t e d  i n  t h e  
plant with recovery a s  indicated i n  Table V I .  

T,-,, able V I  

Tons 
Treated % U308 - -a_-- 

Feed 184.81 ., 300 
Residue 175.57 .011 ' .  
Leach Liquor 
Soluble Loss Class Sands 
Adsorption IJnl t Feed (Hydro- 

Yellow Cake (By Difference 
Adsorption U n i t  ' I a i l s  (Solut ions 

Claau Ogflow) 1.07 g/L 

O d Y  1 .008 g/L 

Content 
Lbs U30, 

P 
Tota l  

1108 86 
38 0 63 

1070 . 23 
32 e 11 

1038 12 
1030 33 

7.79 

100 Q 00 
3 048 

%.52 
2.90 

0.70 

Adsorption u n i t  recovery =.99,25$ 
Overall  p lant  recovery = 92.92$* 

#Does not take In to  account t a n k  and pump leakage or losses i n  water waahes 
which would be recycled i n  a commercial Gperation. 

Operating condi t ions .- Feed r a t e  500 - 700 l b s /h r .  
Acid consumption - 115  lbs/ ton 
Wdmt - Mn02 - 1 8 , 4  lbs/ ton 

Elution i n  all of the t e a t  work was performed by passing successive batches 
of e luant  through the banks of loaded r e s in .  
enced I n  the barren as6ay a f t e r  e l u t i o n  but  t h i s  was never se r ious  as long 
as  t h e  laslt e l u s n t  pabs wa6 below .25 grams per  l i t e r .  Eluant was advance6 
from cycle t o  cycle 60 t h a t  a countercurrent effect  was reached permit t ing 
p rec ip i t a t ion  of a so lu t lon  a5 high a8 7.0 grams U3Og per  l i t e r .  
eluant was 0.9 normal ammonium n i t r a t e  eo lu t ion  a c i d i f i e d  t o  a pH of 1.0 
with sulfuric acid.  Tn contlnuous operat ion e luant  was made up from the 
recycled press  f i l  t ra te  e 

Prec ip i ta t ion  wa3 acccjrnplished by neu t r a l i za t ion  w i t h  anhydrous NH3 t o  a 
pH of seven, 

A llbumpll was always experi- 

The 
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At the end of the  exhaustion cycle  the sl ime i n  the bank was dumped 
through the succeeding banks. Then the  loaded bank was f i l l e d  with water 
and the waeh subsequently dumped t o  t a i l s .  Residual s o l i d s  were par t ia l ly  
sluiced out wl th a hose. When e l u t i n g  s o l u t i o n  was pumped i n t o  the banks 
Borne so l id s  were plcked up and s e n t  t o  p r e c i p i t a t i o n  and u l t ima te ly  showed 
up in the yellow cake. This  r e su l t ed  I n  B somewhat lower grade product 
than experienced i n  column work. 

Several shipments of yellcw cake were made t o  the  A.S. & R. sampling 
plant during the  per iod from Msy 5, 1953 t o  August 31, 1953. These ship- 
mmts averaged 40" 3 per  cent  U308 * 

Laboratory t e s t s  were run on s e v e r a l  barrels of f i n a l  product t o  deter-  
mine the e f f e c t s  of washing and ca lc in ing .  The r e s u l t s  a r e  ou t l ined  i n  
Table V T I .  . .  

----A_- Table V T T  * - 

I 

d 

Effsc i,s-,of- W e h  1 ns-ani-cala2 !!I ng- o.rc,raae_ of-PresiEit&e_ 
Barrel  Unt r e a t  e d Washed Calcined 

1 48.2 7 3  1 80.4 
2 j q . 5  -I 50.0 
3 3 7 . 3  -- 62.5 
4 513 1 75 "9 85.9 
5 20.7 38.2 
6 304 2 62.1 68.9 

No -e-- % "1Ofj - -- --- % IJ-j@8 - -  L u & L  

I n  general ,  washlng and ca lc in ing  almoct doubled the  grade of the yellow 
cake, 
9.80 per cent  and 16,OO per cent  inso luble .  

The r e s u l t s  of the  t e s t s  Indicated t h e  p r i n c i p a l  contaminants i n  t h e  yellow 
cake were; (1) rron caused by incomplete loading,, ( 2 )  Soluble sa l t s  from 
e lua te  r e t a insd  i n  the yellow cake, ( 3 )  Acid inso luble  material from incom- 
p l e t e  washing I n  the banks p r i o r  t o  e lu t ion .  

Four grab sampl€s of prGdUCt assayed 6.53 p e r  cent,  11039 p e r  cent, 

In  the early shakedown period of opera t lons  accurate  measurement of bead 
losses we8 lrpposrjlblrj because of spllle, removal of res in  f o r  spec ia l  test  
work, and losses from l n s p e c t i o n  of baskets ,  However, when opera t ion  bad 
settled down to a regular  rout ine ,  19.54 l i t e r s  of wet s e t t l e d  resin were 
accurately mcabured t i r i i  u d d t d  t o  each basket .  I n  the period from May 5 #  
1953 to J u l y  1 ,  1953, 0,008 cubic  f e e t  of wet Ee t t l ed  r e s i n  was los t  p e r  
ton of ore t r e a t e d ,  Th i s  raprescnted, on the  basis  of p i l o t  p l a n t  opera t i sn ,  
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122.6 per cent  loss per  year .  
because some s p i l l s  had occured i n  the  per iod.  
borne out by the  l o s s e s  as measured I n  t h e  n e x t  period f rom July 1 t o  
August 9, 1953. 
l o s t  per ton  of o re  t r e a t e d .  
a one year operat lon.  

&-adjusting t h e  d a t a  above i n  terms of U308 produced, the first per iod 
resulted I n  a loas  of .003 cubic  f e e t  of wet s e t t l e d  r e s i n  p e r  pound of 
U3Oa adsorbed, whereas, i n  the second p e r l o d , t h l s  loss dropped t o  0.0004 
cubic f e e t  of wet s e t t l e d  r e s i n  pe r  pound of U3% adsorbed. 

This loss  was considered abnormally high 
T h i s  suppos i t ion  was 

I n  t h i s  period 0.002 cubic f e e t  of wet s e t t l e d  r e s i n  was 
This  represented a loss of 29,7 p e r  cent  i n  

Generally speaking, the mechanical performance of t h e  units and t h e  
metal lurgical  r e s u l t s  obtained, were most encouraging. New opera t ing  
techniques have cont inua l ly  developed s ince  the prelfmfnary t e s t  m s  
and these techniques have f u r t h e r  improved opera t ing  e f f i c i e n c i e s  and 
should r e f l e c t  I n  even b e t t e r  performance i n  t h e  . .  future. 


